Palicourea rigida H.B.K. (Rubiaceae), a medicinal species commonly known as douradinha, has wide distribution across ecosystems in Central and South America. This species exhibits seed dormancy delaying germination until optimal conditions for seedling growth and development are in place. While dormancy ensures species survival, it also presents a technical problem for developing P. rigida's plant production program. Thus, the objective of this study was to investigate if secondary metabolites present in seeds influence the seed dormancy of P. rigida. Mature fruits were harvested from the native habitat, in the savanna region of the State of Minas Gerais during February 2009, 2010 and 2011. The content of phenolic compounds in the seed of P. rigida was measured, and the allelopathic effects were assessed using the germination of lettuces as model to detect phytotoxicity. The P. rigida seeds geminated at rates varying between 7% and 31% with a Seed Germination Index (SGI) of 0.09. Data suggest that the phenolic compounds present in the seeds may be responsible for seed dormancy.
Introduction
The majority of medicinal plants commercialized in Brazil are collected from wild populations [1] . This practice threats species diversity, promotes exhaustion of natural resources, while it lacks safety assurance to consumers. Conservation of medicinal plants is an important task that promotes species' sustainability, maintains healthy ecosystems while ensures economic support for rural populations.
There are little genetic materials of medicinal species in genbanks. Many plants with great economic value for the local communities present horticultural problems associated with undesirable dormancy that have not been studied. Detailed information on seed physiology includeing type of seed dormancy is lacking. Such information is requisite for conservation initiatives to preserve medicinal plants. Palicourea rigida H.B.K. (Rubiaceae) is one of these medicinal plants native to the Brazilian savannah, also known as Cerrado that need conservation actions.
Seed dormancy prevents germination of viable seed for a certain period of time despite of favorable environmental conditions [2, 3] . Breaking dormancy occur by changing the balance of growth inhibitors such as abscisic acid (ABA) and phenolic compounds to growth promoters such as gibberellins, ethylene and brassinosteroids [4] . Germination delays due to dormancy may maximize seedling survival. Thus, a wide range of dormancy mechanisms evolved in response to climate and habitats diversity of each species [5] . Forest recovery through germination of dormant seeds does not follow the speed of which habitat erosion occurs. This is happening to the Cerrado areas where P. rigida is native.
According to Rodrigues and Carvalho [6] , P. rigida is part of the traditional medicine in the Cerrado areas for the treatment of kidney diseases and female genital tract's inflammation. A number of bioactive compounds have been isolated from P. rigida including the flavonoids quercetin 3-O-β-D-glucoside, quercetin-3-O-so-phoroside and isorhamnetin-3-glucoside [7] , and the iridoid monoterpene loganin [8, 9] .
In addition to P. rigida's pharmacological role in the traditional medicine of the Cerrado, the species plays a significant role in maintaining the savannah's biodiversity. Unfortunately, data have shown that P. rigida is particularly vulnerable to variations in temperature. According to Siqueira [10] , it could undergo extinct if global warming temperature increases in the region of 1.8˚C -2˚C across the planet. Thus, the study evaluates seed germination, the role of phenolic compounds present in seeds of P. ridiga and their allelopathic effects.
Materials and Methods

Seed Collection and Storage
Mature fruits of P. rigida were collected in situ in the savannah region of the State of Minas Gerais, Brazil (latitude 17˚49'16. Seeds (collected in 2009) were germinated in three different types of substrate, namely, the commercial substrate Bioplant  (Bioplant Agrícola, Nova Ponte, MG, Brazil), a mixture of the commercial substrate and sand (1:1, w/w) or sand alone. Germinator box containing substrate were seeded and later incubated in a MA1403/ UR germination chamber (Marconi Equipamentos para Laboratório, Piracicaba, SP, Brazil) at 27˚C with 70% relative humidity and 16 h photoperiod provided by 40 W fluorescent lamps. Daily irrigation was provided manually. To establish the first P. rigida trial on seed germination each treatment had 25 seeds per replicate, and four repetitions per treatment with 100 seeds per treatment planted in a complete randomized design. The numbers of emerged seedlings were recorded daily during a period of 6 months based on cotyledon opening [11] ; the numbers were recorded as percentage of germination, following by the speed of germination index (SGI) [12] . Data was analysed by analysis of variance (ANOVA), and the mean values were compared using the Scott-Knott test at the 5% significance level. All statistical analyses were performed using SISVAR software [13] .
Chemical and Mechanical Scarification
Seeds collected in 2009 were chemically scarified using sulphuric acid 98% for 5, 10, 40, 80, 120 and 160 min, then rinsed with distilled water and later planted on Bioplant substrate to determine the germination rate. The mechanical scarification procedure consisted of sanding the seeds with a stone disc (#220) connected to a high speed rotary tool (Dremel ® MultiPro ™ ; Robert Bosch GmbH, Gerlingen, Germany), followed, if appropriate, by 24 h immersion in water under constant agitation at 100 rpm. Scarified seeds were sown on Bioplant substrate and germination rates were assessed. The experimental design and statistical analyzes were similar to the description above.
Effects of Gibberellic Acid (GA 3 ) on Germination of P. rigida
Mechanically scarified and non-scarified seeds were immersed in solutions containing 0.1, 1.0 or 10.0 mg/L of GA 3 . Following each of the treatments, seeds were sown on Bioplant substrate and germination rates were recorded daily. Non-treated seeds, with and without scarification, were used as controls. The experimental design and statistical analyzes were similar to item 2.1. 
Warm and Cold Stratification
Seeds of the 2009 harvest were stored at 26˚C and at 5˚C (warm and cold stratification, respectively) for 12 months. After the storage period, seeds were sown on Bioplant substrate and germination rates were recorded. The fresh harvested seeds were used as control for this trial. The experimental design and statistical analyzes were similar to item 2.1.
Chemical Analysis of P. rigida Seeds
Chemical analysis were done on three types of seed extracts: seeds harvested in 2009 submitted to warm and cold stratification, seeds collected in 2010 that were stored at 26˚C, and seeds freshly collected in 2011. Seeds of P. rigida were dried and ground to a fine powder, and extracted with 3 mL of methanol: water (1:1, v/v) for 45 min at room temperature under sonication to extract and quantify loganin. Following the method described by Morel et al. (2011) to quantify loganin, 1 mL aliquot was removed, filtered through a filter membrane (0.45 µm) and analysed by reverse-phase high performance liquid chromatography (RP-HPLC). A Shimadzu (Kyoto, Japan) chromatograph equipped with a Supelco ™ (Sigma-Aldrich, St. Louis, MO, USA) C18 column (250 × 4.6 mm i.d.; 4.6 μm) and a photodiode array detector was used. The chromatographic conditions were mobile phase-50 min linear gradient of methanol (from 10% to 50%, v/v) in water and 0.1% acetic acid; flow rate-1 mL/min; injection volume-20 µL; detection wavelength-254 nm. Analyses ran in triplicates and the presence of loganin was assessed by comparison with the retention time of a pure commercial standard purchased from Fluka, St. Louis, MO, USA.
Total phenolics were determined by heating 5 mg of dried powdered seeds with 3 mL of methanol: water (1:1, v/v) to boiling point. An aliquot (500 μL) of the cooled and filtered extract was mixed with distilled water (7 mL) and Folin-Ciocalteau reagent (500 μL) under constant stirring for 1 min, following which saturated sodium carbonate solution (1 mL) was added to the mixture and the whole diluted to 10 mL with distilled water. After 30 min at room temperature, the absorbance of the mixture was determined at 730 nm. A calibration curve using tannic acid in the range of 1 -5 μg/mL as the reference standard was done to analyze total phenolic content.
Phytotoxicity of P. rigida Seed Extract
Extracts of P. rigida seeds collected in 2009 stored at 5˚C or 26˚C for 24 months, seeds collected in 2010 that were stored at 26˚C for 12 months and freshly collected in 2011, were powdered and extracted with water at 90˚C (water bath) for 16 min [14] . Lettuce seeds were placed in Petri dishes (9 cm diameter) lined with germination paper that had been soaked with a volume of P. rigida extract, at a concentration of 5%, 10% or 15%, equivalent to 2.5-times the weight of the germination paper. The control treatment was filter paper soaked with distilled water. Each treatment had three repetitions of 50 lettuce seeds with 150 seeds per treatment. The percentage of germination was determined 7 days after the beginning of the experiment considering only the number of normal seedlings that emerged [11] .
Results and Discussion
Scarified seeds by chemical and physical treatments, stratified seeds by cold and warm storage and GA 3 application resulted in germination rates that varied between 16% and 23% (Figure 2(a) ), and the SGI value was around 0.05. Seeds maintained their viability during a short-term by storing at 26˚C, whereas cold stratification treatment at 5˚C for 12 months was the best treatment for breaking dormancy, increasing germination to 31% and SGI to 0.09 (Table 1) . Although, there was an improvement in breaking seed dormancy, the percentage of seed germinations remains low.
Chemical Analysis of P. rigida Seeds for Presence of Germination Inhibitors
Concentrations of loganin in freshly collected seeds and treated with warm and cold stratification were measured according to procedure described by Morel et al. [5] . Our results reveal that loganin was not present in stratified seeds or freshly harvested (Data not shown). Shimomura et al. [15] found that iridoids present in seeds of Gardenia jasminoides, a species belonging to the Rubiaceae, were responsible for the species seed dormancy. While Pereira et al. [16] reported the alkaloids as inhibitors of germination in Coffea arabica seeds. Phenolic compounds found in seeds are inhibitors of seed germination, reason for quantifying their content in P. rigida seeds. Data show that total phenolics present in seeds varied with time and storage temperature. It was higher in fresh seeds (21.50 g/g) than in seeds stored at 26˚C for 12 months (12.38 g/g). In seeds stored at 5˚C after 24 months the content was significantly lower (6.54 g/g; P < 0.05) than that of seeds stored at 26˚C for the same length of time (Figure 2(b) ). According to Willemsen and Rice [17] , cold stratification influences the phenolic content of seeds, which regulates auxin synthesis in the embryo tissues, thus influencing the rate of seed germination.
Our results also indicate that total phenolic concentration in P. rigida seeds maintained at 26˚C in storage for 12 months was 2.04-fold higher than the seeds stored for 24 months and 1.74-fold higher than that of fresh seeds (Figure 2(c) ). It appears that the total phenolic content increases after seed dispersal and degrades with time. Considering the latest classification of seed dormancy proposed by Baskin and Baskin [2] that includes physiological dormancy caused by chemical inhibitors, these results indicate that P. rigida seed dormancy may be the result of phenolic compounds found in the seeds. The increased concentration of phenolics following seed dispersal suggests that such compounds may be responsible for prolonging germination in seed banks.
Allelopathic Effects of P. rigida Seed Extract
L. sativa seeds imbibed on distilled water showed 74.78% ± 11.83% germination which the treatment used as positive control to determine the inhibition effects of P. rigida seeds extracts. Results of Table 2 show that application of P. rigida seeds extracts at 5% or 10% on L. 
